Prospects for detection of very high-energy emission from GRB in the
  context of the external shock model by Galli, A. & Piro, L.
ar
X
iv
:0
80
5.
28
84
v2
  [
as
tro
-p
h]
  1
 Se
p 2
00
8
Astronomy & Astrophysics manuscript no. ms November 11, 2018
(DOI: will be inserted by hand later)
Prospects for detection of very high-energy emission from GRB
in the context of the external shock model
A. Galli1 and L. Piro1
IASF-Roma/INAF, via fosso del cavaliere 100, 00133 Roma, Italy
Received —; accepted —
Abstract. The detection of the 100 GeV-TeV emission by a gamma-ray burst (GRB) will provide an unprecedented oppor-
tunity to study the nature of the central engine and the interaction between the relativistic flow and the environment of the
burst’s progenitor. In this paper we show that there are exciting prospects of detecting from the burst by MAGIC high-energy
(HE) emission during the early X-ray flaring activity and, later, during the normal afterglow phase. We also identify the best
observational strategy, trigger conditions and time period of observation. We determine the expected HE emission from the
flaring and afterglow phases of GRBs in the context of the external shock scenario and compare them with the MAGIC thresh-
old. We find that an X-ray flare with the average properties of the class can be detected in the 100 GeV range by MAGIC,
provided that z .0.7. The requested observational window with MAGIC should then start from 10-20 s after the burst and cover
about 1000-2000 s. Furthermore, we demonstrate that there are solid prospects of detecting the late afterglow emission in the
same energy range for most of the bursts with z .0.5 if the density of the external medium is n & a few cm−3. In this case,
the MAGIC observation shall extend to about 10 - 20 ks. We provide recipes for tailoring this prediction to the observational
properties of each burst, in particular the fluence in the prompt emission and the redshift, thus allowing an almost real time
decision procedure to decide whether to continue the follow-up observation of a burst at late times.
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1. Introduction
Prompt and afterglow emissions in gamma-ray bursts (GRBs)
show different temporal and spectral properties and are usually
attributed to different mechanisms, more specifically, internal
and external shocks, respectively. The internal shocks (IS) oc-
cur within the relativistic outflow released after the burst ex-
plosion, and an external shock (ES) starts to develop when the
ejecta expands in the external medium. The shock with the ex-
ternal medium develops through two components, a forward
shock (FS) propagating in the external medium ahead of the
expanding shell, and a reverse shock (RS) moving back into the
shell itself (Meszaros & Rees 1993). During its expansion into
the external medium the fireball collects an increasing amount
of the external material. When the inertia of this material equals
the fireball energy, the fireball starts to decelerate. The proper-
ties of the FS and the RS strongly depend on the GRB duration
TGRB with respect to the fireball deceleration time tdec. In the
standard scenario (i.e. thin shell fireball) the burst duration is
shorter than the fireball deceleration time. In this case the RS
ends crossing the outflow before the fireball starts to deceler-
ate, thus the fireball releases most of its energy to the external
medium, and the ES reaches the peak of its emission at tdec.
This ES produces synchrotron radiation - i.e afterglow emis-
sion - in the X-ray-to-MeV range. This radiation then can be
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up-scattered by inverse Compton (IC) into the GeV-TeV range
(Sari & Esin 2001; Zhang & Meszaros 2001), i.e in the obser-
vational band of MAGIC. Very interestingly it has been shown
that IC from the afterglow of a ”standard ” thin shell fire-
ball could explain the delayed (∼ 5000 sec after the burst) HE
(MeV-to-GeV) emission observed by EGRET in GRB 940217
(Galli & Piro 2007). In this paper we show that MAGIC should
be able to the detect the late HE emission from afterglow of
GRBs.
The prompt-to-afterglow transition phase in GRBs is char-
acterised by a variety of temporal and spectral behaviours due
to the contribution of both prompt and afterglow emissions. In
particular this phase, which goes from hundreds-to-thousands
of sec after the burst, is characterised by the presence of X-ray
flares. Flares are a very common phenomenon being detected
in the 30-40% of the Swift GRB sample (e.g. Falcone et al.
(2007)), and their presence has deep implications because it
would imply that the central engine activity is not impulsive as
initially thought, but extends on long time scales. Despite the
large number of flare models that have been proposed in the lit-
erature, none of them has completely interpreted the flare phe-
nomenology. In particular, in the framework of models requir-
ing a long duration central engine activity, X-ray flares could
be produced by late internal shocks (LIS) (e.g. Burrows et al.
(2005); Wu et al. (2006); Galli & Guetta (2008)) or by a de-
layed external shock (DES) (Piro et al. 2005; Galli & Piro
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2006). In this paper we focus our attention on the possibility
that X-ray flares are originated by a DES.
A DES occurs when the burst duration TGRB is larger than
the fireball deceleration time tdec (this corresponds to thick shell
fireballs). In this case the RS crosses the shell around TGRB and
has the time to become relativistic. As a consequence only a
small fraction of the fireball kinetic energy is released to the
external medium around tdec, and the most of the energy is con-
verted around TGRB, i.e. the afterglow emission peaks at TGRB.
In this context the flare is thus produced by an ES caused by an
energy injection lasting until the time of the flare occurrence
t f , i.e. t f ∼ TGRB. The DES can straightforwardly explain those
X-ray flares which spectrum does not evolve with time and is
consistent with that of the afterglow emission. It can also ac-
count for flares presenting a spectral evolution of the order of
0.5-1.0 (this value depends on the spectral index of the electron
population), if the characteristic emission frequency is cross-
ing the observational energy band. However, in some cases, the
spectra of X-ray flares present an hard-to-soft evolution similar
to that observed during the prompt emission. This kind of flares
could be better explained by LIS. In addition several bursts are
characterised by the presence of multiple flares in their X-ray
light curve, e.g. GRB 060714 (Krimm et al. 2007). In such a
case a DES could explain only one flare, that representing the
onset of the afterglow emission, and the other flares have to be
attributed to other mechanisms, for example LIS.
As in the case of a standard ES, also X-ray flare photons
can be IC up-scattered giving rise to an HE counterpart peaking
in the MeV-to-TeV band, which could be potentially detected
by MAGIC. Simultaneous observations of X-ray and HE flares
play an important role in order to validate and discriminate flare
models, and thus to shed light on the central engine activity.
In this paper we explore the set of conditions that maximise
IC emission because we want identify the optimal candidates
for a HE emission detection by MAGIC. First, for what regards
specifically the flares, we assume the case of DES, which it is
generally more favourable to HE emission in comparison with
LIS. This is because in the first scenario the peak of IC emis-
sion is expected to be at higher energies with respect to the
LIS (Wang et al. 2006). In addition in the DES the emission
region is at larger radii in comparison with the LIS, and as a
consequence HE emission is less depleted by internal absorp-
tion due to pair production. However, it is right to note that in
the framework of the LIS model, the External Inverse Compton
component (the FS electrons up-scatter on the flare photons)
may also peak in GeV band (Fan et al. 2008). One can distin-
guish between the DES and the EIC cases looking at temporal
behaviour of the low and HE flares. In fact, in the DES scenario
one expects a good temporal correlation for the X-ray and HE
flares, while in the EIC scenario the HE flare is delayed and
much longer in comparison with the X-ray flare (for details see
Wang et al. (2006)).
Then, both for the flares and the late afterglow, we con-
sider the case in which the fireball is in fast cooling regime. In
the case of X-ray flare this is well verified. For the late after-
glow we derive the conditions on the parameters, particularly
on the density n of the external medium, that satisfy this as-
sumption. For the range of parameters explored in this paper
the IC emission occurs in the Thompson regime (see for exam-
ple Wang et al. (2006) and Galli & Piro (2007)).
We present the prospects for MAGIC of detecting HE emis-
sion during the flare and afterglow phases of GRB in Sect. 2.1
and Sect. 2.2 respectively, and summarise our findings in Sect.
3.
2. Trigger conditions and observing time window
for high energy emission
2.1. X-ray flares
In the DES scenario the X-ray flare emission can be estimated
by analytical equations depending on the following parameters:
the fireball kinetic energy E, the fractions of energy going re-
spectively into relativistic electrons ǫe and magnetic field ǫB,
the density of the external medium n, the spectral index of the
energy distribution of electrons population p, and the burst red-
shift z. We assume that at the time of the flare appearance the
fireball is in fast cooling (FC) regime. In fact, it can be demon-
strated from Eq. 9 of Sect. 2.2 that for average values of X-ray
flare properties the transition from FC to slow cooling (SC)
regime occurs at several thousands of sec after the burst. We
also assume that the peak of the synchrotron emission νp (i.e.
the peak of the X-ray flare in the ν Fν space) is below 1 keV
(this is in good agreement with the spectral analysis of Swift X-
ray flares performed by Falcone et al. (2007)). Under these two
conditions the X-ray flare emission and its peak energy do not
depend on the density n of the external medium (see for exam-
ple Panaitescu & Kumar (2000)). The fireball kinetic energy E
can be derived from a broad-band spectral fitting. However the
aim of this paper is to provide a quick assessment of detectabil-
ity of HE flares by MAGIC. We thus make the ”standard” as-
sumption that the fireball radiative efficiency is of the order of
10%, i.e. E ∼ 0.1Eiso. The energy index p of the electrons pop-
ulation can be inferred from the X-ray spectrum, and the burst
redshift can be determined through optical spectroscopy. Thus
only two parameters remain to be constrained, nominally ǫe and
ǫB. Finally, these two parameters can be estimated by means of
two observational quantities, i.e. the X-ray flare flux density Fν
and its peak energy νp. It is then possible to link the proper-
ties of the HE flare counterpart to observational quantities. By
adopting the prescriptions of Panaitescu & Kumar (2000) we
find that for typical values of the X-ray flare properties the IC
parameter is Y > 1. Therefore, the peak energy νp,IC and flux
νICFν,IC of the HE flare at the observational frequency νobs are
expressed by the following relations:
νp,IC ∼ 70D−8/3l,28 (1 + z)17/12n−1/4E11/1253
( νp
100eV
)8/3( F1keV
0.25mJy
)−4/3
( tobs
500s
)−1/12
GeV
(1)
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νIC Fν,IC ∼ 1.2 × 10−8e−τD−4l,28(1 + z)−47/48n−1/16E25/1653
( νp
100eV
)3/2
( F1keV
0.25mJy
)−1( vobs
100GeV
)−1/4( tobs
500s
)−11/16
ergcm−2s−1
(2)
for νobs > νp,IC , and
νIC Fν,IC ∼ 2 × 10−8e−τD−2l,28(1 + z)−49/24n1/8E7/853( νp
100eV
)−1/2( vobs
100GeV
)1/2( tobs
500s
)−5/8
ergcm−2s−1
(3)
for νobs < νp,IC . In these relations all the quantities are ex-
pressed in unity of average values of the class (as an exam-
ple the flare peak energy typically varies between 10 eV and
1 keV), and we have assumed an electron population spectral
index of p=2.5. We have also for IC emission the same spec-
tral shape of the synchrotron emission. The factor e−τ in Eq.s 2
and 3 is the attenuation due to the absorption of the extragalac-
tic background (external absorption), with the optical depth τ
varying with the energy of the emitted photons and the redshift
of the source. In this paper we evaluate τ through the analyt-
ical model derived by Stecker et al. (2006). In particular we
find τ(E=100GeV,z) ∼0.45 at z=0.3, and τ(E=100GeV,z) ∼ 8.2
at z=1 which implies a cutoff energy of ∼ 25 GeV at z=1. In
the DES model the cutoff energy due to internal pair produc-
tion (internal absorption) is of the order of 500 GeV for typical
model parameters and a burst at z=1, and moves at higher ener-
gies for nearest events (see for example Galli & Piro (2007)).
The attenuation of the high energy (∼ 100 GeV) flux thus it is
due mostly to the external absorption. The time window inter-
esting for the detection of HE emission from flares goes from
about 100 s to 2000-3000 s after the burst, that is the time
window currently covered by MAGIC observations. We esti-
mate the MAGIC threshold from the upper limits published in
Albert et al. (2007). The tightest MAGIC upper limit around
100 GeV is of the order of 6 × 10−11 erg cm−2 s−1 for an in-
tegration time of 1800 sec. At this time the telescope is back-
ground dominated, and we thus estimate the MAGIC thresh-
old at 100 GeV to be of the order of 1.1 ×10−10 erg cm−2 s−1
for an integration time of 500 s. The upper limits reported in
Albert et al. (2007) are at 95% confidence level, and this im-
plies that the MAGIC threshold we have estimated is at roughly
1 σ. Wecderive from Eq. 2 and 3 that MAGIC would be able to
detect HE emission from flares up to z ∼ 0.7 if the X-ray flux
and peak energy are at the mean values.
Finally, one can note from Eq.s 1, 2 and 3 that the peak
energy and flux of the HE flare depend weakly on the density
n. Consequently, these estimates are not strongly affected by
our uncertainties on the density of the external medium. It is
also important to stress that Eq. 2 shows that the flux of the
HE flare increases with lower values of the flux density of the
X-ray flare. This is because during the FC regime and above
the peak of the emission, all the energy stored into relativistic
electrons is radiated away, thus if the energy emitted through
the synchrotron channel decreases the energy available to the
IC channel has to increase.
2.2. The standard external shock model
Afterglow emission from a standard ES is satisfactorily de-
scribed by analytical equations depending on the parameters
E, ǫe, ǫB, n, p, and z, as in the case of DES. We assume that
the afterglow emission occurs in FC regime because it can be
shown that for a large range of values of the ES parameters, the
transition from the FC to the SC regime can take place at very
late times (we will show later the range of applicability of this
assumption). Then we find that, for the range of parameters ex-
plored, Y is always > 1. It can be demonstrated that, adopting
the same procedure applied to X-ray flares, the peak energy and
flux of the IC counterpart of the X-ray afterglow are expected
to be:
vp,IC ∼ 2.5D−8/3l,28 (1 + z)17/12n−1/4E11/1253
( νp
2eV
)8/3(F1keV
1µJy
)−4/3
( tobs
104s
)−1/12
GeV
(4)
νIC Fν,IC ∼ 10−9e−τD−4l,28(1 + z)−47/48E25/1653 n−1/16
( νp
2eV
)3/2
(F1keV
1µJy
)−1( νobs
100GeV
)−1/4( tobs
104s
)−11/16
ergcm−2s−1
(5)
for νobs > νp,IC . Note that the HE afterglow flux is cor-
rected for the external absorption, and now we have normalised
the observable properties of the afterglow to their average val-
ues around 10 ks after the burst. By following the same ap-
proach adopted in the preceding section we estimate the 100
GeV MAGIC threshold to be ∼ 3×10−11 erg cm−2 s−1 for an
integration time of 10 ks. In Fig. 1 we compare the late HE
emission from the afterglow of a GRB exploded at redshift z=1
(black solid line) and from a low distance burst at z=0.3 (black
dashed line) with the 100 GeV MAGIC threshold (red solid
line). We assume that the intrinsic properties of the burst are
the same at z=1 and z=0.3. The HE afterglow flux produced by
a burst at z=1 is heavily depleted by the external absorption,
that makes it undetectable by MAGIC. On the contrary the HE
flux expected from a burst located at z=0.3 is weakly affected
by the external absorption and, as shown in Fig. 1, it can be
detected even at times larger than 10 ks.
We note that the expected flux at late times can be derived
by extrapolating the early afterglow behaviour, and that one can
use this information to get a trigger criterion based on early-
time observations (around 1000 sec) of each burst. From Fig.
1 it is clear that a good candidate for late observations will
also show a prominent HE flux at early time, so MAGIC itself
can provide the information needed to decide to which time
extend the observation. Alternatively one should use the early
time X-ray and optical information to predict the HE flux. To
this aim is important to check that the X-ray afterglow emission
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Fig. 1. IC afterglow light curves at 100 GeV for a burst with
typical energy and afterglow luminosity at z=1.0 (black solid
line) and z=0.3 (black dashed). The HE afterglow light curves
are corrected for the attenuation due to the absorption of the
extragalactic background. The red line is the MAGIC threshold
at 100 GeV as a function of the integration time.
is dominated by the ES, i.e. that the afterglow light curve has
attained the typical power law decay.
Here we provide a more general and easier-to-apply trig-
ger condition derivable immediately from the fluence of the
prompt emission and on the redshift, that holds for reason-
able early afterglow properties. In deriving this trigger crite-
rion we assume that the X-ray afterglow luminosity is pro-
portional to the burst isotropic energy Eiso. This it has been
observed in the BeppoSAX GRB X-ray afterglow catalogue
(De Pasquale et al. 2006), and it is expected theoretically
(Freedman & Waxman 2001). We scale the X-ray afterglow
luminosity to gamma-ray isotropic energy ratio observed in
the GRB BeppoSAX catalogue by De Pasquale et al. (2006)
at 40 ks after the burst (rest frame), at 10 ks taking into account
that above the peak of the emission the afterglow luminosity
goes as t−(3p−2)/4. Thus with a spectral index of the electron
population p = 2.5 we find that around 10 ks after the burst
Lx ∼ 7.53 × 10−7Eiso, where the X-ray afterglow luminosity is
at 1 keV and the burst isotropic energy Eiso is in the 40-700 keV
energy range. We finally assume a radiative efficiency of 10%
to convert the fireball kinetic energy E into the burst isotropic
energy Eiso. Under these assumptions Eq. 5 becomes:
νIC Fν,IC ∼ 3 × 10−7e−τD−7/8l,28 (1 + z)−37/24S 9/16n−1/16( νp
2eV
)3/2( νobs
100GeV
)−1/4( tobs
104s
)−11/16
ergcm−2s−1
(6)
where S is the burst bolometric fluence (we remember that
S=(1+z)Eiso/4 πD2l ). By comparing Eq. 6 with the threshold of
MAGIC at 100 GeV for an integration time of 10 ks we derive
the following lower limit on the burst fluence S :
S & 7.7 × 10−8(e−τ)−16/9D14/9l,28 (1 + z)74/27n1/9
( νp
2eV
)−8/3
(
νobs
100GeV
)4/9( tobs
104s
)11/9
ergcm−2
(7)
where we have assumed the average values of the observa-
tional properties of the afterglow emission. We note that Eq. 7
depends weakly on the density n of the external medium, and
plot in Fig. 2 this trigger requirement for some values of n in the
range of redshift of interest for MAGIC (0.1. z < 1.0). It is im-
portant to note that the trigger requirement given by Eq. 7 holds
only if at the observation time tobs the fireball is in FC regime.
Following the prescriptions of Panaitescu & Kumar (2000) the
fast-to-slow cooling transition time tFS as a function of the of
the parameters of the ”standard” ES model is:
tFS ∼ 2150(1 + z)E53n(1 + Y)2ǫ2e,−1ǫ2B,−1 s (8)
We follow the same approach adopted to derive Eq.s 1, 2,
4 and 5, and write the transition time tFS as a function of the
observational properties of the afterglow emission:
tFS ∼ 2619(1 + z)−1/3E−1/353 n
( νp
2eV
)7/6( L1keV
7.25 × 1045ergs−1
)2/3
( tobs
104s
)8/3
s.
(9)
Finally we write the afterglow luminosity as proportional
to the burst energy, and link the energy to the burst fluence S :
tFS ∼ 1.3× 105(1+ z)−2/3D2/3l,28nS 1/3
( νp
2eV
)7/6( tobs
104s
)8/3
s (10)
Then we require that the transition from FC to SC regime
occurs at times larger then 10 ks thus obtaining a second lower
limit on the burst fluence S :
S & 4.4 × 10−4D−2l,28(1 + z)2n−3
( νp
2eV
)−7/2( tobs
104s
)−8
ergcm−2
(11)
where we have normalised again the properties of the af-
terglow emission to their average values. This limit strongly
depends on the density of the external medium n, in particu-
lar high densities favour the FC regime. In conclusion if an
event satisfies both the fluence requirement given by Eq. 7 and
that given by Eq. 11, it can produce HE emission detectable by
MAGIC. We summarise the condition of detectability and ap-
plicability of the trigger criterion in Fig. 2. In this figure we plot
the fluence lower limits deriving from the 100 GeV MAGIC
threshold (solid lines) and from the request that at the obser-
vation time tobs the fireball is in FC regime (dotted lines), as a
function of the burst redshift for different values of the density
of the external medium n. Note that the limits on the fluence
deriving from the MAGIC threshold increases quickly at red-
shift z ∼ 0.5 because of the extragalactic absorption.We also
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indicate in Fig. 2 the forbidden regions of fluences and redshift
implying values of ǫe and ǫB larger than 1 (red dashed regions).
If the density of the external medium is n & 200 the fireball
is always in FC regime, thus all the events above the solid lines
of Fig. 2 can be detected by MAGIC, and the region of fluences
and redshifts below these lines is forbidden for MAGIC. For
lower values of n the range of redshift values where the FC
condition is satisfied decreases, and as a consequence also the
fluence lower limits associated to the MAGIC threshold can be
applied only in this restricted range of redshifts. In particular
we cannot say anything about the possibility for MAGIC to
detect HE emission from those event that are above the fluence
limit related to the MAGIC threshold but below the FC limit
because in this case the fireball is in SC regime (we will present
the case when the fireball is in SC regime in a future paper). As
a reference a burst with E53=1 can be detect by MAGIC up
to z ∼ 0.6 if n &5, and a burst with E53=0.1 can be detect by
MAGIC up to z ∼ 0.5 if n &10. A bright event such as the
low distance GRB 060614 at z=0.13 (redshift estimated from
emission lines due to the GRB host galaxy; Price et al. (2006)),
having S (20keV − 2MeV) ∼ 4 × 10−5 erg cm−2 and S (1keV −
10MeV) ∼ 8.6×10−5 erg cm−2 (Golenetskii et al. 2006), could
be detected by MAGIC if n & 6cm−3 1.
Finally we estimate how much the predicted HE emission is
above the MAGIC threshold if both the requirements expressed
by Eq.s 7 and 11 are satisfied. Equation 6 shows that the IC af-
terglow flux goes approximately as the square root of the burst
fluence, and this implies that if, for example S is a factor 10
above the trigger requirement 7 then the IC flux is expected to
be about a factor 3 above the MAGIC threshold.
3. Discussion and conclusions
In this paper we study the possibilities for MAGIC to detect
HE emission during the flare and afterglow phases of GRBs.
We adopt the set of conditions that maximise IC emission in
order to include all the potential events that can be detected by
MAGIC. Concerning X-ray flares the optimal conditions is the
DES scenario, because it predicts larger IC fluxes and higher
peak energies in comparison with the LIS scenario. We find that
by considering the average properties (peak energy and flux) of
the population of X-ray flares, MAGIC would be able to detect
HE flares up to z ∼ 0.7. We thus suggest that the best observa-
tional strategy to detect with MAGIC HE emission from flares
is to observe all bursts with z . 0.7 for 1000-2000 sec, the tem-
poral range of flares occurrence.
For the afterglow phase of GRB the optimal condition is
FC regime, even at late times as 10-20 ks. For average values
of the observed afterglow properties this applies if n & a few
cm−3. Then we expect that, by assuming the average properties
of the class, bursts at z . 0.5 will likely produce a HE afterglow
detectable by MAGIC as late as & 10 ks. This would imply a
1 Note that the reference to GRB 060614 would be just an example
aimed to show that also a low redshift burst can have a large fluence
and thus can be potentially detect by MAGIC up to late times. In fact,
we note that the afterglow emission of GRB 060614 settles on the
”standard” ES model after 30-40 ksec (Mangano et al. 2007).
Fig. 2. Requirements on the burst fluence S and on the exter-
nal medium density n for the detectability of HE emission (100
GeV) from the afterglow of a GRB around 10 ks, as a function
of the redshift z. We assume the peak frequency of the X-ray
afterglow to be νp=2 eV, and that the afterglow luminosity is
proportional to the energy Eiso. Solid and dotted lines repre-
sent the fluence lower limits deriving from Eq. 7 and Eq. 11
respectively. We present these lower limits for n=5 (black) and
n=10 (blue). This figure shows that a bright and low distance
burst as GRB 060614 could be detected by MAGIC if n & 6. As
a reference we also plot as a function of the redshift the fluence
corresponding to a burst with E53=1 and E53=0.1.
signicative extension of the duration of MAGIC GRB observa-
tions, that usually cover the first 1000-2000 sec after the burst.
We have thus derived a trigger criterion based on the fluence of
the prompt emission, to individuate those GRBs that could have
a HE afterglow detectable by MAGIC. In deriving this criterion
we assume that the afterglow luminosity is proportional to the
burst energy, and derive the minimum burst fluence necessary
for the IC flux to be above the MAGIC threshold. In addition,
the request that at 10 ks the burst is still in FC regime introduces
a second lower limit on the burst fluence. Consequently, only
those bursts which satisfy both the conditions can be detected
by MAGIC. We find that bursts with fluence & 10−7 − 10−6 erg
cm−2 and redshift z . 0.5 have good possibilities to produce
HE emission detectable by MAGIC if n is & few cm−3. It is
important to note that our predictions hold in the Thompson
limit. However, if the energy of the electrons and of the scat-
tering photons is very high (i.e larger than 100 GeV), then the
Klein-Nishina process could affect significantly the HE emis-
sion. In the Klein-Nishina regime the spectrum of IC compo-
nent is softer than that predicted in the Thompson regime (for
a detailed discussion see Guetta & Granot (2003)). In this case
the HE flux it is lower than the one expected in the Thompson
regime and thus it will be more difficult to detect (for a com-
parison of the expected flux with the GLAST threshold see
Fan et al. (2008)).
Our results are consistent with the upper limits derived so
far by MAGIC (Albert et al. 2007). In the sample of 9 events,
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the 4 events with know distance are at redshift z >3. In addi-
tion, from the updated Swift GRB redshift distribution (see the
web page //www.astro.ku.dk/ pallja/GRBsample.html) we de-
rive that ∼ 5% of Swift GRB with know distance are at redshift
. 0.5, and ∼ 10 % are at z . 0.7. Therefore we expect that
less than 1 event of the MAGIC sample is at z < 0.5 with a
probabilty of ∼ 63 %, and that less than 1 event is at z < 0.7
with a probability of ∼ 40 %. We also note that the observations
reported in Albert et al. (2007) end around 2000-3000 s after
the burst. In order to test the so called standard external shock
afterglow model is thus important that in the future MAGIC ob-
servations will extend up to ∼ 10-20 ks after the burst, at least
for low distance GRBs.
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